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ABSTRACT
Supersweet corn (Zea mays L. var. rugosa.) which contain endosperm mutant
shrunken -2 exhibits low seed vigor and poor field emergence especially when soil
temperature is 10-15 oc. Based on their emergence in the field at low temperature, they
can be divided into two groups as tolerant and sensitive cultivars. Two cultivars 'Illini
Gold' (Tolerant) and 'Honey 'n' Pearl' (Sensitive) were studied to see any anatomical
differences, holes and cracks in the pericarp and air pockets between pericarp and aleurone
layer. Significant differences were found in the thickness of pericarp. 'Illini Gold' cultivar
has thicker pericarp and thin walled aleurone layer cells. 'Honey 'n' Pearl' has thinner
pericarp and less lignified cells of aleurone layer suggesting that sensitive nature of 'Honey
'n' Pearl' is due to its thinner pericarp which provides less resistant to incomig and
outgoing water and the nutrients necessary for growth. Air pockets between pericarp and
aleurone layer of both the cultivars were prominent.
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CHAPTER!
INTRODUCTION
Com is a warm season crop (Swiader & Gerber, 1984). In the United States it ranks
as the fourth most important and highly valued fresh vegetable (Kaukis and Davis, 1986).
The rapid improvement in com quality has led to a recent increase in com usage by several
companies. In the year 1990, about 7.9 billion bushels of com was grown in United states.
Sixteen percent of the total com yield was used by processors for food and industrial use
as compared to 7.5% twenty years ago (ADM Brochure, 'Wonders of Com',1991). One
reason for such advancement is an ongoing search for new markets, enhanced by
continuous research and new technology. The need for growing better quality com is
increasing each year.
The results of biotechnological advancement and research is . the development of
supersweet com cultivars containing the gene Sh-2 mutant endosperm. When compared to
traditional types, (Sh-2) and (se) sweet com contain high sugar content and have excellent
eating and storage qualities (Hung et al, 1993). The gene Sh-2 causes sweet com kernels
to contain 2-3 times more sugar at maturity than the traditional sugary (su) gene. During

the maturation process the conversion of sucrose to starch doesn't play a significant role
in the reduction of sweetness due to the presence of an extra amount of sugar (Creech 1965,
Styer and Cantliffe 1983A, Wann et al., 1971). Even though the use of the mutant
endosperm has successfully improved sweet com fresh market and processing quality, the
problem of producing an excellent stand of com is still of considerable importance. The
production of Sh-2 sweet com is affected by cold, mostly in northern areas of the com belt
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which experience cold and wet weather more frequently at planting times (Pinnel, 1949).
Despite the preference of Sh-2 sweet com by consumers, the growers acceptance of
these hybrids has been hindered in part by inferior seed quality, reduced emergence, poor
seedling vigor and poor stand uniformity. Growth is extremely effected by low temperature
when the soil temperature is less then 15° C (Andrew, 1982; Juvik et al., 1993; Kulik and
Schoen, 1982; Styer et al., 1980; Wolf and White, 1975).
Recent studies have indicated that several factors which are associated with the
emergence and vigor problem of Sh-2 genotypes (Juvik et al., 1993). According to Lisha &
Burris (1992), reduced seedling vigor of endosperm mutant Sh-2 Is usually correlated with
increased level of sugars In the kernel. The reduced starch and phytoglycogen content in
Sh-2 may not provide sumcient carbohydrate reserve for optimal rates of emergence and
growth of seedling (Wann, 1980). The possible events which lead to the insumcient
carbohydrate reserve may be the degradation and mobilization of starch during early
germination (Harris and DeMason, 1989). Simon (1978), related this reduced emergence
to the rapid inftux of water. This inftux of water is due to the elevated levels of sugar which
increases the osmotic potential and leads to membrane and pericarp damage. Thus the
protection of seed is reduced. According to Styer and Cantliffe (1983A), this pericarp
damage is also related to the dramatic reduction of starch, which leads to endosperm
damage due to the leakage of important nutrients together with the occurrence of air
pockets between the pericarp and aleurone layer.
Pericarp thickness of numerous sweet com, field com and popcorn cultivars have
been measured (Tracy and Galinat, 1987). The following study is a continuation of the work
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done by Kull (1992). Two supersweet com cultivars 'Honey 'n' Pearl' and 'Illini Gold' posses
endosperm mutant gene Sh-2 , but their tolerance to low temperature and cold differs (Kull,
1992). On the basis of their cold tolerance, these cultivars were subdivided into sensitive
('Honey 'n' Pearl'), and tolerant ('Illini Gold') cultivars.
The following research is focussed on the structural difference of the pericarp and
aleurone layer of the two supersweet cultivars. The objective of this study was to clarify
whether the low seed vigor, cold-sensitive and cold tolerant· nature of 'Honey 'n' Pearl'
(sensitive) and 'Illini Gold' (tolerant) is due to structural differences of pericarp and
aleurone layers.
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CHAPTER2

LITERATURE REVIEW
Com ( Zea mays L.) is a prime example of the bounty of America (ADM Brochure,
'Wonders of Com', 1991). The early colonist of the United States first began to grow com
for their livestock in 1770. In the mid 1800's it became popular and was ranked as fourth
most important fresh vegetable crop, being primarily used as food source (lnglett, 1970;
Lorenz and Maynard; 1988). With the advancement in science and technology, especially
in the field of agriculture, new com hybrids were introduced. Dr D.F.Jones developed the
first com hybrid in 1918. This was introduced to the com producer in 1930. In 1951 Emil
Wolf started working on supersweet type of com ( Zea mays L var. mgosa) which was first
marketed in 1974 for the first time (Coons, 1986).
The importance of sweet com has increased significantly in the last two decades. It
nourished extensively when new refining and processing technology came to the scene in the
late 19th century. Today com is not only a major economic food crop and livestock feed,
but is also used in numerous consumer and industrial products. About 76 million acres of
farm land in United States is utilized for growing com (ADM Brochure, 'Wonders of Com',
1991). In Illinois, the sweet com industry harvests approximately 50,000 acres per year with
fresh market production accounting for 5000 acres annually (Coons, 1986).
The main components of a com grain (Caryopsis) as shown through longitudinal
sections consist of a pericarp, seed coat, aleurone layer, endosperm, scutellum, coleoptile,
plumule, radicle, mesocotyle, and coleorhiza (Fig. 1). The pericarp and seed coat are the
result of maternal inheritance which forms the outer-most layer of the com kernel and the

s
outer-most seed layer, respectively (Tracy & Galinat, 1987). The extensive study on this
fruit has indicated that the covering layers of caryopsis is composed of pericarp and the

remains of the seed coat (Esau 1977). Even though pericarp and seed coat are two different
entities, it is very dimcult to separate pericarp from seed coat as they are fused. The Seed
coat and pericarp collaborate in many ways, and the affect of the seed coat and pericarp
removal is very profound.
Pericarp has several important functions which include the tenderness of com, the
quality of canned sweet com, as a barrier to pathogens and as an important factor affecting
water relations (Tracy & Galinat, 1987). The Seed coat together with the pericarp serve to
protect the enclosed embryo. However the specific aspects of this protection are varied and
complex. Some seed coats appear to be Involved in controlling germination by restricting
it to periods and conditions most favorable for seedling growth. Numerous plant type

produce germination inhibitors localized in both pericarp and seed coat (Esau, 1977)•
. According to Styer and Cantliffe (1983A), the seed coat restricts or regulates water uptake
and solute leakage by acting as a barrier to water diffusion. Pollack & Toole (1966),
indicated that the velocity of water uptake and solute leakage was increased when the seed
coat of lima beans was removed. Prasad and Weigle (1976), studied white-seeded and blackseeded bean cultivars and found that white seeded beans posses cracks in the pericarp and
are more prone to attack by soil pathogens. It is also noted that the inhibition of
germination may be based on high degree of impermeability of the seed coat to water, to
oxygen or to both (Esau, 1977). Tatum (1954) indicated that permeable corn seeds which
showed high concentration of leachates during soaking periods were more susceptible to
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emergence failure under cold conditions.
The aleurone is the outermost layer of the endosperm, and is present inside the
seed coat remains of ~ mays. This aleurone layer is composed of proteins, lipids and
enzymes which are important to endosperm digestion during germination (Bewley and
Black, 1986). Alpha amylase is considered as the main digestive enzyme which is
synthesized in the aleurone layer and the scuteller epithelium of the embryo (Sanwo and
DeMason, 1992). According to Brown and Ho (1986), heteromorphic growth of cereal
seedlings depend upon the utilization of proteins, carbohydrates and other nutrients stored
in endosperm. In most cereal seedlings the mobilization of food reserves appear to be
regulated by gibberlins which are secreted from the germinating embryo. This hormone
induces the aleurone cells to synthesize and secretes alpha amylase, the principle enzyme
involved in carbohydrate breakdown (Sanwo and DeMason, 1992). According to Jones and
Jacobsen (1991), the aleurone also plays an important role in the synthesis of alpha
amylase in barley. Alpha maylase is approximately 30% of the protein synthesized during
germination. The pattern and development of alpha amylase synthesis in high sugar sweet
com cultivars have not been extensively investigated (Sanwo and DeMason, 1992). Recent
studies regarding the aleurone layer has indicated that during gemiination, starch
degradation is delayed near the aleurone of X-tra sweet com indicating the incapability of
aleurone layer to produce functional amylases. The reasons for such reduced amount of
functional amylase may be the number of layers or the size of aleurone cells. The low
seedling vigor may also be due to this delayed starch degradation and mobilization.
A third important part of the corn grain is the endosperm. This triploid tissue is
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responsible for storing and utilizing proteins, carbohydrates, and other nutrients (Brown
and Ho, 1986). According to Kaukis and Davis (1986) endosperm contains insoluble
starches, soluble sugars and soluble polysacchrides. Poor seed vigor of supersweet corn such
as Sh-2 is related to small amounts of endosperm (Wann, 1980). According to Styer and
Cantliffe (1983B), high imbibition rate of Sh-2 seeds appeared to be the result of their
small endosperm size. Sanwo and DeMason (1992) indicated that endosperm to embryo
ratio and scutellum to endosperm ratio also play an important role in reduced seedling
vigor. Total protein reserve also contribute to reduced seedling vigor. However, it is not
clear whether the low seed vigor is due to inadequate reserve or a genetically inferior
embryo. Studies conducted by Lisha and Burris (1992) indicated that endosperm reserves
are critical for seed germination and seedling growth. Major soluble reserves such as
sucrose and glucose are limiting factors in the Sh-2 mutant endosperm genotype. According
to Pinnel (1949) chemical differences in the endosperm which occur due to enzymes
released from the scutulum may influence the growth and vigor of the embryo, and its
ability to overcome attacks of blighting fungi.
According to Hannah et al (1993) com grains posses different qualities and
attributes, and have many uses. Internally the major portion of a corn kernel comprises of
starch which is major raw material for paper making, adhesives, textile weaving and
pharmaceutical tablets (Fig. 2). For consumers who eat fruits emphasis is placed on sweeter
taste and post harvest retention of flavor. This means higher sugar content and less starch.
To farmers who feed corn to their livestock and supply it to brewers, starch is the main
concern.
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Although the uses of different com grains are quite distinct, carbohydrate types were
the major aspects of investigations by plant breeders and biotechnologist. Carbohydrates
are the organic compounds that includes sugar, starches and cellulose. These carbohydrates
are related to seed quality and vigor. Because of this relation, genes which play a role in
altering the amount of various sugars and sugar polymers are considered to be very
important (Hannah et al., 1993). The result of such importance is the adoption of various
directions of maize improvement by plant breeders. In the commercial trade many different
genetic types of com now exists.
Old types of sweet com are referred to as 'traditional sweet com'. This traditional
sweet com contains the mutant form of the gene sugary (su), which increases the amount
of soluble sugars and produces creamy texture. The most desirable traits of sweet com are
sweetness,

~exture,

and quality retention. Sweetness is controlled by three main genes;

sugary (su), shrunken-2 (Sh-2), and sugary enhancer (se) (Coons, 1986; Kull, 1992).
Recently new sweet com types with different endosperm genotypes have been developed
(Tsengwa, 1991).
The advances in plant breeding has developed different varieties of sweet com
containing the recessive form of Sh-2, sugary enhancer (se), homozygous for brittle 1, brittle
2, a triple mutant combination of amylose extender (ae), dull (du) and waxy (wx) to the US
market (Boyer and Shannon, 1983; Hannah et al., 1993). To enhance sweetness a recessive
allele of the su locus was used in the com breeding (Creech, 1965). Later its use was
diminished due to the shift of sweet com to supersweet com (Hannah et al., 1993). As
starch and sugar are the main compound involved in the sweetness of com, emphasis was
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,placed on developing new sweet com types with different endosperm genotypes which
concem. to starch and sugar content. According to Shannon and Garwood (1984) com
endosperm has many mutant genes which alter starch. Extensive research has led to the
development of com doubly homozygous for (su) and (se). The mutant (se) increases sugar
content in a (su) background and still allows the retention of creaminess (Ferguson et al.,
1978; Hannah et al., 1993). In recent years a tremendous shift of traditional hybrids with
sugary sul endosperm to hybrids homozygous for the sh-2 endosperm mutation has been
observed (Juvik et al., 1993). The reason for such a shift is the presence of extra sucrose
which satisfies the consumers demands of extra sweetness and post harvest ftavor retention.
Shnmken-2 kernels posses two to three times more sucrose twenty days after pollination
and fertilization than the sul kernel (Creech, 1965). The mutant (su) sugary is responsible
for increased sugar content and leads to significant levels of water soluble polysacchrides
called phytoglycogen (Creech, 1965). In the (su) starch mutant, both amylase and
amylopectin levels (polymers of starch) are reduced and sugar levels are increased (Kramer
et al., 1958). According to Boyer and Preiss (1978) a triple mutant combination of amylose
extender (ae) genes encodes a major starch branching enzyme. Loss of this enzymes reduces
total starch content.
Major improvement in sweet com breeding was observed with the addition of the
gene termed as sugary enhancer (se) (LeBonte and

Juvi~

1990). This gene is responsible

for doubling the sucrose content in a (su) background and doesn't decrease phytoglycogen
(Ferguson et al., 1979). It also reduces the yellow color of the kernel and increases the
maltose content. The increase in maltose content is referred to as premature breakdown in
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starch during kemel development (Hannah et al., 1993). Although (se) gene has tremendous
potential, to solve the problems related to sweet com low seed vigor, this gene is difficult
to follow in segregating populations. Attempts are underway to map this gene.
The allele which has become extremely popular in sweet com trades in recent years
is known as the mutant allele of the Sh-2 gene. According to Creech (1965) this mutant
allele conditions sugar levels two to three times higher than those found in the typical, su
coms. It contain 1.5-3.0 times more moisture at harvest (Bassett, 1986; Boyer and Shannon,
1983). Although post harvest retention of ftavor has always been the priority by consumers,
this attribute is particularly important when the time from the harvest to consumption is
measured in days rather than in hours. This long storage is successfully obtained by Sh-2.
The only disadvantage of Sh-2 on su com is the Jack of creaminess. This creaminess is
obtained by phytogJycogen. (Creech, 1965). The other disadvantage is the reduction in the
activity of ADP-glucose pyrophosphoryJase. Due to such interactions the kemeJ obtained is
of small size, coJJapsed and easily damaged mechanicaJJy (Ratcliff et aJ., 1993; Tsai and
Nelson, 1966).
Regardless of the extra sweetness, retention of higher sugar levels and preference in
consumers taste, the cultivars of supersweet coms germinate poorly below 10° C (Evenson
and Boyer, 1986; Garwood et al., 1976; Juvik et al., 1993, Tsengwa, 1991; Sabota et al.,
1987). Growers who are planting com at the time when the soil is cooler are taking risk Jow
yield. But to maximize their profit and meet the demands of early market they have to plant
this warm season crop in Jow temperatures, when chilling injury can cause pre-emergence
mortality of seedlings. According to Hannah et al., (1993) while sweet com is clearly favored
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by consumers after several days of storage, the high sugar gene has not been the panacea
of sweet com breeding. The problem of poor seed germination and seedling vigor still exists
especially with mutants such as Sh-2. Conventional breeding programs have made
tremendous progress in increased field emergence (Hannah et al., 1993; Juvik et al., 1993).
However Sh-2 are commonly inferior to their su counterparts especially under adverse
growing conditions.
According to Douglass and Juvik (1988) low temperature plays an important role in
affecting sweet com poor emergence, less seedling vigor and non-uniform stand. They
reported that the mean emergence of traditional, sweet com types was 49% higher than that
of supersweet corns. Various factors are responsible for such inferior emergence of Sh-2
kernels (Tsengwa, 1991). Factors associated with the emergence problem of Sh-2 genotype
are the conditions present during seed development, seed drying seed harvesting and
packaging, seed storage, . imbibition and radicle emergence (Bennett et al, 1988).
Furthermore the content of starch due to genetic variability also plays a vital, role. Wann
(1980), indicated that the reduced content of starch and phytoglycogen in Sh-2 kernels may
not provide a sufficient carbohydrate reserve for optimal, rates of emergence and growth
of seedlings. This reduced content also creates cracks in the pericarp, severely collapsed
endosperm and forms air pockets between .pericarp and aleurone layer (Styer and Cantliffe,
19838). These conditions basically, allow rapid influx of water during imbibition (Simon,
1978). The other possible reason for such rapid influx, which in tum causes endosperm
damage, is the elevated levels of sugar (Styer and Cantliffe, 1983A). This elevated level of
sugar increase osmotic pressure and leads to pericarp damage. The result of such damage
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is the leakage of seed leachates. Caplan (1984) reported that seed leachates is composed
of sucrose, glucose and fructose which when lost from the seeds, reduces metabolic energy
available for embryo growth. It may also provide substrate for the growth of pathogenic
microorganisms.
To improve the poor seedling emergence of Sh-2 cultivars many different directions
have been adopted by plant breeders. Soil and seed borne pathogens can contribute to poor
Sh-2 seedling growth and vigor (Pieczarka and Wolf, 1978). Seeds affected by Fusarium

monlliforme showed more deleterious affects during germination and emergence in cold soils
(Styer and Cantliffe, 1984). Conventional, fungicide seed treatments such as aqueous
suspensions and powders improve germination and seedling vigor of Sh-2 genotypes
(Guzman et al., 1983). The organic solvent infusion technique (OSIT) has been used
successfully to improve germination of various species. Fungicide seed treatments improve
stand establishment and uniformity in supersweet com cultivars (Cantliffe et al, 1975;
Parera and Cantliffe, 1990). O'Neil et al., (1979) reported that infusing fungicides into
seeds with acetone is a practical, and economic alternative to control seed rot and preemergence damping off of soybean and cotton. Hung et al, (1992) studied the affect of
organic solvents on germination, and found that acetone doesnot cause a significant
decrease in germination. Later in 1993, he infused imazalil (an organic solvent) using
acetone and reported lower fungal attacks on Sh-2 genotypes kernels. Khan et al, (1980),
indicated that seed priming is a useful technique to increase germination rate, stand
establishment, uniformity and increased yield. Priming treatments have been reported as
successful presowing treatments for many species (Bradford, 1986). According to Dodsworth
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and Bewley (1981) emergence rates of com germinated at low temperature was improved
by priming in polyethylene glycol (PEG) solutions. Harman et al., (1989), reported that
seedling emergence was enhanced by solid matrix priming (SMP) in 'Jubilee' sweet com but
was reduced in 'Florida stay sweet'. Parera and Cantliffe (1992) developed SMP technique
and reported that a combination of SMP and disinfection with sodium hypochlorite can
improve uniformity and stand establishment of Sh-2 sweet corns.
Several techniques have been adopted to improve the germination and seed
emergence at low temperature. Recently pre -planting seed treatments such as
osmoconditioning, wetting then drying, and ftuid drilling have been developed (Sabota et
al., 1987). According to Juvik et al., (1993), selection of seeds in Sh-2 population can al,so
improve the seed and seedling quality. This technique can lower the incidence of fungal,
infection which is one of the causes of Sh-2 kernel reduced emergence. Even though many
directions have been adopted to improve the vigor of Sh-2 kernel, the ideal solution would
be a seed which is a mutant at the immature (eating stage) but wild type at the mature
state (Hannah et al., 1993). Such a seed would be expected to have high sugar content when
consumed but low sugar and high starch content when planted. The advent of recombinant
technology seems to be the possible solution for developing such com. Until that time the
application of physiological, and anatomical, studies in solving the problems is highly
valuable.
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TC
Fig 1: LS of the Kernel. P, Pericarp; Al, Aleurone layer;
HL, hilar layer; TC, tip cap; Sc, Scutellum; Cp, coleoptile;

Pl, plumule; Cr, coleorhiza;
(Wolf et al.,1952)
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THE KERNEL:
AN INSIDER'S LOOK

THE STARCH portion of the com kernel is used in

l

foods, paper making, adhesives, textile weaving, charcoal briquettes, pharmaceutical tablets, etc.

l

1I
I

THE STARCH can be converted to sweeteners

j

like conventional com syrups and dextrose, as
well as 42%, 55%, and 80-95% high fructose com
syrups. These are used in products such as
baby foods, bakery products, soft drinks, tobacco,
chewing gum, cordials, fruit drinks, ice cream,
jams, peanut butter, vinegar, instant tea, marshmallows, breakfast foods, gelatin, wine, non-carbonated beverages, processed cheese, olives, vitamin preparations, and medicines.
LIQUID DEXTROSE is converted from com

starch and can be fermented to produce ethanol,
an octane booster for automotive fuels. In addition, the fermentation process yields co2 for use
in carbonated beverages and refrigeration equipment. Dextrose is also used in the production of
such biochemicals as amino acids, antibiotics,
and food additives.

I

i
I

l

THE PROTEIN AND HUU.S ofthe com kernel

produce com gluten feed and com gluten meal.
These are premium protein ingredients in animal
and poultry feed. Much of the gluten feed is
exported, which helps the balance of payments.
The oil from the GERM portion is used in cooking
oils, margarine, mayonnaise, salad dressings, and
shortening.
The SOLUBLE portions of the kernel are used for
feedstuffs.

Figure 2. (From ADM Brochure. 1991)
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CllAPfER3

MATERIAU AND METHODS
Five different cultivars of untreated mature supersweet corns containing the
endosperm mutant Sh-2 (Zea mays var. rugosa) were obtained from Illinois Foundation Inc.
Champaign, IL in 1991. These were initially planted by Nombasa Tsengwa (1991) at the
University of Illinois farm plots, to investigate their emergence abilities. In 1992 two of
these cultivars which differed in their tolerance to low temperature were selected from the
same seed lot to study percent germination at low temperature by Linda Kull (1992). For
the following study from the same lot seeds of 'Honey 'n' Pearl' and 'Illini Gold' supersweet
com cultivars were used.
TISSUEPREP-EMBEDING:
To study the microscopic structural, details of the pericarp and aleurone layer 10 dry
seeds were randomly selected from the seed lot. The method of Sass with some modification
by Steven Becker of Eastern Illinois, was employed in the preparation of Tissueprepembedded com kernels. Sections were cut to 14um by AO "820" Spencer rotary microtome
using standard blade and stained with safranin and fast green. Before sectioning the tissues
were killed; and fixed by Formalin acetic alcohol (FAA) solution

UGHT MICROSCOPY:
The sections were studied under a Nikon microscope with objectives of lOx and 40x
respectively. These sections were photographed using lOx, 20x and 40x objectives by Nikon
M-358 camera mounted on Nikon AFM microscope with T-160 tungsten film. The data on
pericarp thickness, aleurone layer thickness, and aleurone layer cell size were collected by
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micrometry.
SCANNING ELECTRON MICROSCOPY:
Seeds (air dried) for scanning electron microscope (SEM) obsen-ations were
mounted on aluminum stubs and sputter coated with gold-palladium alloy by (Hummer
V). Two kinds of samples were prepared. To study the surface, whole kemel was mounted

on stubs. To examine air pockets and cracks in the pericarp the seeds were cut transversely
with a single edge razor blade. These stubs were then examined at 10 KV with AMR 1001
Scanning electron microscope.
KERNEL PHOTOGRAPHY:
Untreated com kernels of 'Illini Gold', 'Honey 'n' Pearl' and traditional com were
photographed by Minolta D-11 with a macro lens of 50.0 mm and three automatic
extensions ranging from 1:2-1:1 magnified three times. Ectachrome 100 daylight film was
used.
STATISTICAi ANAIYSIS:

The data for pericarp thickness, aleurone layer thickness and aleurone layer cell size
obtained from light microscopy were analyzed by CoStat version 3.02.
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CllAPfER4
RESULTS AND DISCUSSION

The photograph of traditional sweet corn showed that the surface is very smooth and
the grain is not shrinked (Fig.1). The grains of 'Illini Gold' and 'Honey 'n' Pearl'
supersweet corn cultivars are severely shrinked (Figs. 2, 3).
One-way analysis of variance for pericarp, aleurone layer thickness and aleurone
layer cell size for the two cultivars 'Honey 'n' Pearl' and 'Illini Gold' revealed that only
pericarp thickness had significant differences (Table 1). The thickness of the aleurone layer
and aleurone layer cell size revealed no significant differences (Table 1). The results
obtained were in accordance with previous research by Tracy and Galinat (1987), who
indicated that pericarp thickness of sweet corn hybrids ranged from 5-50um at lOx
magnification. In the present study mean pericarp thickness measured for the two cultivars
were 51.0um for 'Honey 'n' Pearl' and 66.0um for 'Illini Gold' (Table 2).
To understand whether any relationship exists between pericarp thickness and
seedling vigor, the longitudinal section of corn kernel was studied (Fig. 1). The study
revealed that the outermost layer the pericarp is the main protective covering of the seed.
According to Wolf et al. (1952) in corn grain seed coat doesnot provide the function of
protection of endosperm which comprises 80% of the kernel. The integuments which forms
the resistant seed coat disintegrate and at maturity only a thin
hyaline membrane remains. The thicker pericarp of 'Illini Gold' the tolerant cultivar
indicated that the pericarp thickness is one of the reason of its tolerant nature to low
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temperature (Table 1). The problem of low seed vigor has been attributed to extreme inftux
of water into endosperm and the leakage of leachates. This heavy inftux of water damages
the endosperm and leachate loss result in the reduction of important constituent needed
for optimal growth. According to Caplan (1984), this grain leachate primarily consists of
sucrose, glucose and fructose. These constituents provides the metabolic energy needed for
embryo growth. But once they leach out they also provide substrate for the growth of
pathogenic microorganisms. As 'Honey 'n' Pearl' has a thinner pericarp (Table 2), there is
less resistant to heavy inftux of water and extensive leakage of sugars. This makes 'Honey
'n' Pearl' more prone to pathogenic attack thus show reduced emergence due to active fungi
at low temperature. Tracy and Juvik 1989 also found the significant differences but were
unable to correlate this differences with field emergence of some cultivars of supersweet
coms.
The structure of the com kernel (Fig. 1), showed that the entrance of water into the
kernel and its movement until reaching the endosperm is inftuenced by many tissues. The
aleurone layer is the first endosperm tissue encountered after the pericarp and seed coat
have been penetrated. This layer is usually thick walled and has no intercellular spaces
(Wolf et al, 1952). This constitutes a continuous covering about the starchy endosperm. In
_order to reach the endosperm, water and dissolved substances must therefore diffuse
through thick aleurone cell walls. Together with the pericarp and seed coat the aleurone
layer serve as an additional semipermeable envelope which affects the entrance of water and
solutes into the kernel (Wolf et al., 1952). Thus water after reaching the top of the kernel
through the pericarp may penetrate the relatively thin seed coat and aleurone layer and
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then diffuse downward toward the central region. Even though there are no significant
differences found in the aleurone layer thickness and aleurone layer cell size between the

two cultivars. The light micrographs of the sections of 'Illini Gold' revealed thick walled
aleurone cells (Fig.6). The cell walls of aleurone cells of 'Honey 'n' Pearl' are less lignified
as compared to 'Illini Gold' thus providing less resistance to in coming and outgoing water
(Fig.7).
Previous research by Dure, (1960) Juvik et al., (1993) Styer et al., (1980), and Wann,
(1980)

indicated that together with several other factors which are associated with

emergence and vigor problems of Sh-2 genotypes, cracks in the pericarp and air pockets
between aleurone layer and pericarp are also associated with reduced emergence. According
to Purdy and Crane 1967 percent of moisture uptake or loss by kernel is related to
.pericarp. They also suggested that differential rates of water loss were due to physical
structure of pericarp. Sections of 'Illini Gold' and 'Honey 'n' Pearl' seen under light
microscope revealed that there are obvious air pockets between the pericarp and the
aleurone layer (Figs. 8-11). These air pockets are due to thin and weak hyaline layer which
Is not strong enough to hold the two layer together when the kernel losses its moisture and
shrinks. The faster drying rates are also associated with thinner pericarp.
Results obtained from scanning electron microscopy revealed that the surface of the
traditional com is very continuous and have no holes or cracks (Figs. 16-17). SEM
micrographs of 'Illini Gold' grain surface showed obvious cracks and exposed endosperm
when viewed at high magnification (Figs. 18, 19, 20). The SEM micrographs of the sections
of 'Illini Gild' also revealed that air pockets are very prominent (Figs. 21, 22). The seed
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surface for 'Honey 'n' Pearl' also showed a marked difference. Although fewer cracks were
noted with 'Honey 'n' Pearl' higher magnification revealed a relatively tomed pericarp with
prominent holes (Figs. 23, 24). The results of SEM micrographs of the longitudinal sections
of 'Honey 'n' Pearl' were also consistent with that of the light micrographs which showed
air pockets between aleurone layer and the pericarp (Figs. 25, 26).

It seem logical to assume that if large amounts of leaching occur and contain mostly
sugars, it may stimulate the soil fungi which in tum may attack the seedling. The extensive
leakage is possible by cracks in pericarp, holes in pericarp and air pockets between
aleurone layer and pericarp as indicated by many studies. To confirm this assumption, light
microscopic observation of 'Honey 'n' Pearl' and 'Illini Gold' revealed that they do posses
air pockets between the pericarp and aleurone layer. The results of SEM also showed the
same results indicating that what we have seen in light micrographs are not the artifacts
of the preparation but it is true representative of the living state.
The results obtained from the present study did confirm the existence of structural
differences of pericarp between two cultivars which can be correlated to their differences
in tolerance to low temperature. The study to determine

whether this difference is

genetically controlled or not was not conducted. As indicated by Bewley and Black (1986),
that rates of pre-harvest seed dehydration and imbibitional hydration influences regulatory
structures, such as pericarp. So if the pericarp has holes and air pockets it will simply
increase the uptake of water. If the embryo is damaged with such influx, a delay of activities
associated with germination could result. This explanation seems possible for the sensitive
nature of 'Honey 'n' Pearl'.
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Apart from this explanation, some questions still exist which need to be answered.
Although the pericarp and membrane damage is attributed to the elevated levels of sugar,
which are not found in traditional com, certain SEM micrographs of traditional com
revealed that it also has some detached perjcarp (Fig. 27). This result indicated that
detachment of pericarp from aleurone layer is not restricted to Sh-2 genotype only. Lack
of moisture and storage may also cause the structural differences. Further genetical
understanding of the tolerant and sensitive nature of supersweet com is required.
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Table 1: Results of one-way ANOVA with completely randomized
desiqn for pericarp thickness, aleurone layer thickness
and aleurone layer cell size of 'Boney •n• Pearl' and
'Illini Gold' supersweet corn cultivars.

MS

p

SS

df

Peri carp Tbk.

71952.4

91

5175.0
742.0

7.0

.0097**

Al.Layer Tbk.

304520.0

91

7497.1
3300.3

2.28

.1353ns

Al.Lyr.cl.siz

29842.6

91

32.0
331.2

0.010

.757ns

SOURCB

p

Por Complete details and results of Duncan's multiple ranqe test
check Appendix 1.

Table 2: Mean pericarp thickness, aleurone thickness and aleurone
layer cell size of •Boney • n • Pearl• .and •Illini Gold•
supersweet corn cultivars.
CULTIVARS

PERI CARP
TBICDESS
(um)

ALEUROBB
LAYER
TBICDBSS

ALEURONE LAYER
CELL SIZE
(um)

(um)

'BONEY 'n'
PEARL'

51.0 a

105.4 b

53.0 b

'ILLINI GOLD'

66.0 b

87.3 b

54.0 b
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APPENDIX A
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ONE WAY ANOVA COMPLETELY RANDOMIZED
Using: A:\AL1.DT
Variable: Peri.Thicknes
Sol\rce

SS

df

MS

Main Effects
Corn
Error

5175
66777.304348

1
90

5175
741.97004831

Total

7 1 9 ::.2 • 304348

91

Duncan's Mllltiple Range Test
Factor: Corn
Error mean sql\are = 741.97004831
Degrees of freedom = 90
Significance level = .05
LSD .05 = 11.283815991
Rank Trt#

Mean

n

2
1

66. 0869::16522
51. 086956::.22

46
46

1
2

Non-significant ranges
a

b

F

6.9746750718 .0097

**
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ONE WAY ANOVA COMPLETELY RANDOMIZED
Using: A:\AL1.DT
Variable: Al.Lyr.Thickn
SS

df

MS

Main Effec:ts
Corn
Error

7497.0679348
297022.4837

1
90

7497.0679348
3300.2498188

Total

304519. 5::.163

91

Sourc:e

Duncan's Multiple Range Test
Factor: Corn
Error mean square = 3300.2498188
Degrees of freedom = 90
Significance level = .05
LSD .05 = 23.797767447
Rank Trt#

Mean

n

1
2

105.39130435
87.336956522

46
46

1
2

Non-significant ranges
a
a

F

F'

2.2716667969 .1353 ns

51
ONE WAY ANOVA COMPLETELY RANDOMIZED
Using: A:\AL1.DT
Variable: Al.Lyr.Cl.Siz
SS

df

MS

Main Effects
Corn
Error

31. 6956:'52174
29810.858696

1
90

31.695652174
331.23176329

Total

29842. =·=·4348

91

Source

Duncan's Multiple Range Test
Factor: Corn
Error mean square = 331.23176329
Degrees of freedom = 90
Significance level = .05
LSD .05 = 7.539261317
Rank Trt#
1
2

2
1

Mean

n

=·3. 923913043

46
46

52. 75

Non-significant ranges
a
a

F

p

0.0956902558 .7578 ns
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